Fall 1996, Physics 222: Homework set #7 (Jian Wanq)

Ch20, P34

An emf of 24 mV isinduced in a 500-turn coil at an instant when the current is
4 A and is changing at the rate of 10 A/s. What is the magnetic flux through
each turn of the coil?

Solution:

The inductance of a coil containing N turnsis L :%.

_ _ e
Also: L=- ar
dt
Therefore:
NFm_ e
ST d
dt
Using magnitude:
_ le
F m=—qr
N =
dt
where F ,, is the magnetic flux through each turn of the coil.
_AA 2471003V _ .. 5 D
Fm= 500" 10 A /S =192" 10" Tm
Ch20, P37
A current, | =1,snwt , with 1;=5 A and w/2p =60 Hz, flows through an inductor

whose inductance is 10 mH. What is the back emf as a function of time?
Solution:

| =1 sinwt = (5A)sin(60" 2pt) = (5A) Sin(377t)

0
The back emf is
e, =- L9 =-10" 10" 3H E[(5A)sin377t]
L dt dt

=-10" 10°3H" SA% (sin3771)
= (- 188V) cos377t



Ch20, P44

Consider the circuit shown in Figure 20.40, taking (=6 V, L=8 mH, and R=14 W.
(a) What is the inductive time constant of the circuit? (b) Calculate the current
in the circuit 250 s after the switch is closed. (c) What is the value of the final
steady-state current? (d) How long does it take the current to 80% of its
maximum value?

Solution:

(@ Time constant of RL circuitis

(b) ThecurrentinaRL circuitis
- 106 ca0m 3
1) =2@- e t/ty=0Y (g 2507107 /2710 %), 0176 A,
R 4 W

(c) Thefinal steady - state current is the value of the current whent® ¥. Therefore,

() 1y =1 =15A

() =1 (- €Y

b t=-tini- O 1=_2" 10" 3sIn[1- 80%] » 322" 10" 3 s=322 ms

| max

Ch20, P48
One application of an RL circuit is the generation of high-voltage transients
from alow-voltage dc source, as shown in Figure 20.41. (a) What is the current
in the circuit along time after the switch has been in position A? (b) Now the
switch is thrown quickly from A to B. Compute the initial voltage across each
resistor and the inductor. (c) How much time elapses before the voltage across
the inductor dropsto 12 V?
Solution:




(@ Whentheswitchisin position A, the circuit is

Figure here.

(b) When the switch isthrown to B, the circuit becomes
We use the following equation:

,(t)__ o t/t

where £ R istheinitial current in the circuit.

Theinitial current in circuit (b) isthe final current in circuit (). So
l; (b) =1 (a) =1A

= IR=1A" 1200W=1200V =12kV

1200W
V12W IR=1A" 12W=12/
L+IR (O =) e 1200W V12W—1?1?\/:1?1?kV
(c) e (t)—l(t)R R’ Ee‘”t —eLe't/t (use magnitude only)
t
b oteoitWyo. 2 s
e 1200W+12W 1212V
Ch20, P52

At t=0, a source of emf, £=500 V, is applied to a coil that has an inductance of
0.80 H and aresistance of 30 W. (a) Find the energy stored in the magnetic field
when the current reaches half its maximum value. (b) How long after the the
emf is connected does it take for the current to reach this value?

Solution:



(@ Theenergy stored in the magnetic field of an inductor carrying

acurrent| is
_1..2
Um‘ELI
In this case,
:E:—SOO\/:S_OA
max R 30w 3
1 25
I_Elmax_EA

b U :%' 08H " (2—35A)2 » 27.8]

(b) l(t)z%(l- e t/t)

P t=-tlIn[1l- Ilﬂ

max

=. 081 111- 05)» 185" 10 2s=185ms
30W

Ch20, P53
The magnetic field inside a superconducting solenoid is 4.5 T. The solenoid has
an inner diameter of 6.2 cm and alength of 26 cm. (a) Determine the magnetic
energy density in the field. (b) Determine the magnetic energy stored in the
magnetic field within the solenoid.
Solution:
(@) The maganetic energy density is
_B? _ (45T)2
M 2my 27 (40 10 "Tom/ A)
(b) The magnetic energy stored in the field equals uy, times the volume of
the solenoid (the volume in which B is non-zero).
62" 10" 2
2

u

» 806" 1083/ m3

U =uV =(806"1083/m3)" [p” ( m?2° 26" 10" 2m

» 632" 103J = 632kJ



